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Abstract--Literature survey of enantiomeric composItIOns of several lignans isolated from
various plants indicated that these plants produce (or accumulate) different enantiomers of the
lignans with various enantiomeric compositions. Some are optically pure while the others are
mixtures of both enantiomers. The data as well as recent results of enantioselective lignan
synthesis with Forsythia and Arctium enzymes indicated that different stereochemical mechanisms are
operating to give rise to the different enantiomers in Forsythia spp., Arctium lappa, Wikstroemia spp.,
Phyllanthus sp., and Zanthoxylum spp., and that metabolic steps to produce the optically pure lignans
are probably different in the plants. Thus there is a great diversity in stereochemical mechanisms
for lignan biosynthesis in different plants.
Keywords: lignan, biosynthesis, stereochemistry, enantiomeric composition, enantiomer
Introduction
During the last decade significant advances have been made in the field of lignan
biosynthesisl-1 5). Thus, in 1990 Umezawa et at. demonstrated the first example of an
enzymatic reaction to produce an optically pure lignan with cell-free extracts of Forsjthia
intermedia l ). Since then, many reports have been published on enzyme systems involved in
lignan biosynthesis with Forsythia plants as enzyme sources2- 12). These studies
demonstrated enzymatic formation of the naturally occurring enantiomers of Forsythia
lignans. On the other hand, there are many examples of plants which produce the opposite
enantiomers to those occurring in Forsythia Spp.13-18). Recent studies of stereochemistry of
lignan biosynthesis revealed that not only the sign of optical rotation, i.e. predominant
enantiomers, of particular lignans, but also enantiomeric composition, i.e. % enantiomer
excess values (% e.e.), can vary largely with plant species 18). The results indicate that
there is a great diversity in stereochemical mechanisms of lignan biosynthesis in different
plants. The aim of the present review article is to discuss the stereochemical diversity in
lignan biosynthesis.
*1 A part of this reVIew article was presented in 9th International Symposium on Wood and Pulping
Chemistry, June 9-12, 1997, Montrel, Canada.
*2 Laboratory of Biochemical Control, Wood Research Institute, Kyoto University Uji, Kyoto 611, Japan.
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Enantiomeric Compositions of Lignans
Absolute configurations of lignans
In order to discuss the stereochemical relationship between various lignans, it IS
important to correlate the absolute configurations of the lighans.' Thus, (+ )-enantiomers
of the furofuran lignans [pinoresinol (+)_1 13,19-23), syrin~aresipo! (+)_224), eudesmin (:+)-
3 19), sesamin (+)_419,20)], (+ )-enantiomers of the furan lignans [lariciresinol (+)_5 13,19-23),
dihydrosesamin (+)_625)], (- )-enantiomers of the dibenzylbutane' lignans
[secoisolariciresinol (_)_7 13,19-23) and phyllanthin (_)_826)], (- )-enantiomers of
dibenzylbutyrolactone lignans [matairesinol (-)_921 - 23 ,27l, arctigenin (_)_1021 - 23 ,28-30),
kusunokinin (-)_11 3 1), traxillagenin (-)_1232), pluviatolide (-):-1333), hinokinin (-)-
1421 - 23,28-30,34,35), haplomyrfolin (-)_1536), thujaplicatin methyl ether (- )_1637 ,38)], and a
hydroxydibenzylbutyrolactone lignan, (- )-wikstromol (=nortrachelogenin) (_)_1739,40),
have the same absolute configuration at C8 and C8' with respect to carbon skeletons. In
other words, they can be interconverted with retention of the configuration at C8 and C8'.
Enantiomeric compositions of lignans from various plants
The sign of specific rotation indicates the predominant enantiomer, and the
enantiomeric compositions can be estimated from the specific rotation values when the value
of optically pure sample is known. However, measurement of specific rotation requires
relatively large amounts of samples (more than 5-10 mg), and the measured values
sometimes have serious error. Recently, chiral HPLC technique has been developed
significantly. By the technique, precise enantiomeric compositions of lignans can be
determined with only a few j1.g ofsamples, and the technique has been successfully applied to
determine precise values of enantiomeric compositions of lignans41,42).
Table 1 shows a list of enantiomeric compositions (expressed in % e.e.) determined by
chiral HPLC analysis or specific rotation ([a]D) of several lignans isolated from various
plants. As shown in the Table 1, many lignans have been proved to be optically pure
(>99% e.e.), while there are many examples of lignans which are not optically pure, i.e.
mixtures- of both enantiomers. Thus, all the dibenzylbutyrolactone lignans (including
wikstromol 17) of which enantiomeric compositions have so far been examined by chiral
HPLC are found to be optically pure. Recrystallization can alter enantiomeric
compositions, but all the dibenzylbutyrolactone lignans applied to chiral columns, except for
(- )-arctigenin (-)-10 from F. intermedia8 l, were purified chromatographically but not by
recrystallization, and, therefore, possible changes of % e.e. values due to recrystallization
were eliminated.
In marked contrast, there are no examples of furofuran and furan lignans which are
proved to be optically pure by chiral HPLC analysis. Pinoresinol 1 isolated from
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Table 1. Specific Rotation and Enantiomeric Compositions of Several Lignans Isolated from Various Plants.
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*. Enantiomeric compositions expressed in % e.e. were obtained by chiral HPLC. ** . Nortrachelogenin = wiks tromo!' t. Obtained as aglycone after hydrolysis.
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Wikstroemia sikokiana was found to be a mixture of both enantiomers III favor of (-)-
enantiomer (-)-1 (74% e.e.)49), and that from Larix leptolepis is dextrorotatory with 92%
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the peaks of the (+ )-enantiomers (+)-1 and (+)-5 were accompanied by small peaks which
have the same retention volumes as those of (- )-pinoresinol (-)-1 and (- )-lariciresinol
(-)-5 in the chiral HPLC chromatograms, although the small peaks remain to be identified
spectrometrically.
As for dibenzylbutane lignans, both optically pure secoisolariciresinol 7 and that
composed of both enantiomers are known: secoisolariciresinol 7 from Forsythia plants are
optically pure and levorotatory2,41), and that from Phyllanthus sp. are almost optically pure
(98% e.e.) in favor of (+ )-enantiomer (+)_767). On the other hand, secoisolariciresinol 7
isolated from Wikstroemia sikokiana and Arctium lappa are not optically pure, with 45% e.e.,
(_»(+)50), and 81% e.e., (+»(_)18,60,61\ respectively.
These stereochemical properties of lignans are summarized III Table 2a and b.
Predominant enantiomers of lignans from various plants
I t is also apparent from Table 1 that predominant enantiomers of particular lignans are
different among different plant species (Table 2c), and even racemic lignans sometimes
occur. Thus, regarding dibenzylbutyrolactone lignans including wikstromol 17, all the
lignans of this class isolated from Thymelaeaceae plants are dextrorotatory, except for (-)-
matairesinol (- )-9 from Stellera chamaejasml5 ). On the other hand, this class of lignans
obtained from the other plants in the Table 1 are levorotatory.
Similarly, ( - )-secoisolariciresinol (-)-7 was isolated from many plants, e.g.
Wikstroemia sikokiana (45% e.e.)50), Forsythia plants (>99% e.e.)2,41), Zanthoxylum ailan-
thoides69 ), Larix leptorepi/4 ), Larix decidua 76) , Araucaria angustijolia82 ), and Podocarpus spicatus83 ),
while (+ )-secoisolariciresinol (+)-7 was obtained from Arctium lappa (81 % e.e.) 18,60,61) and
Phyllanthus sp. (98% e.e.) 67).
Based on the data, it is of interest to compare the absolute configurations of the lignans
occurring in each plant species (Table 2d). Forsythia plants produce (+ )-pinoresinol (+)-
13,41,58), (+ )-lariciresinol (+)_59 ), (- )-secoisolariciresinol (_)_72,41), (- )-matairesinol
(_)_92,41,56-58), and (-)-arctigenin (_)_108,41,56,57) which have the same absolute
configurations at C8 and C8/. On the other hand, (+ )-arctigenin (+)_1044) and (+)-
pinoresinol (+)_147) isolated from Wikstroemia indica (=viridiflora) have the opposite absolute
configuration at C8 and C8' each other. Similarly, Wikstroemia sikokiana produces (+)-
Table 2. Stereochemical Properties of Lignans from Various Plants.
a) Both optically pure lignans and lignans composed of both enantiomers are known.
b) All the dibenzylbutyrolactone lignans ofwhich enantiomeric compositions have so far been examined by
chiral HPLC are opically pure.
c) Predominant enantiomers of a particular lignan can vary with plant sources.
d) Absolute configurations of the predominant enantiomers oflignans occurring in a plant species are often
different each other.
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matairesinol (+)-9 (>99% e.e.)49) and (- )-secoisolariciresinol (-)-7 (45% e.e.)50), and
the predominant enantiomers of the lignans have the opposite absolute configurations each
other, while Arctium lappa produce (-)-matairesinol (-)-9 (>99% e.e.)18,61) and (+)-
secoisolariciresinol (+)-7 (81 % e.e.) 18,60,61). Another example is the lignans of Zanthoxylum
spp. (- )-Matairesinol (_)_973) and (- )-secoisolariciresinol (_)_769) were isolated from the
plants, whereas (- )-pinoresinol (-)-1 which has the opposite absolute configuration to
those of (-)-9 and (-)-7 was obtained from the plants69,73) .
The apparent inconsistency, i.e. the fact that absolute configurations of the
predominant enantiomers of lignans occurring in a single plant species are often different
(Table 2d), is of interest from the view point of stereochemical mechanisms in lignan
biosynthesis.
Stereochemistry of Lignan Biosynthesis
Stereochemistry of enzymatic lignan synthesis
Much of the knowledge of enzymatic lignan synthesis has been obtained with Forsythia
spp. as enzyme sources1-12), and conversion of coniferyl alcohol 18 to the natural
enantiomers of the Forsythia lignans by the Forsythia enzyme preparations was established as
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Fig. 2. Enzymatic formation of lignans. A, Forsythia spp.; B, Arctium lappa.
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stereochemically. Very recently, Davin et al. found a protein lacking a catalytically active
center from Forsythia spI2). The protein was found to allow enantioselective coupling of two
coniferyl alcohol molecules in the presence of oxidative enzymes such as laccase. They
coined the word "dirigent protein" for the unique protein. In the subsequent post-coupling
steps, (+ )-pinoresinol (+)-1, (+ )-lariciresinol (+)-5, and (- )-secoisolariciresinol (-)-7
are transformed preferentially over the antipodes into almost optically pure (+)-5, optically
pure (-)-7, and optically pure (- )-matairesinol (-)-9, respectively, with Forsythia
enzymes7,9). Conversion of secoisolariciresinol 7 to matairesinol 9 with a Forsythia enzyme
preparation is also controlled stereochemically; only (-) -secoisolariciresinol (- )-7 was
found to be converted to (- )-matairesinol (-)-9, but (+ )-secoisolariciresinol (+)-7 was
not oxidized to either (+)-matairesinol (+)-9 or (-)_92).
On the other hand, enantioselective formation of the other enantiomer (+)-
secoisolariciresinol (+)-7 (20% e.e.) from coniferyl alcohol 18 was demonstrated with
Arctium lappa enzyme preparation (Fig. 2B)60). The predominant enantiomer is the same as
that isolated from the plant, but is the opposite antipode to the one occurring in Forsythia
spp., although the enantiomer excess (20% e.e.) was much smaller than that (81 % e.e.) of
(+)-7 isolated from Arctium lappa.
Stereochemical diversity in lignan biosynthesis
Analysis of the enantiomeric compositions of the lignans (Table 1) as well as the
enantioselective formation of lignans with enzyme preparations indicated that
stereochemical control mechanisms involved in lignan biosynthesis of Wikstroemia spp.,
Arctium lappa, Phyllanthus spp., and Zanthoxylum spp. are different from that ofForsythia spp. in
the following aspects.
First, these plants produce or accumulate different enantiomers of lignans to those
occurring in Forsythia spp. as summarized in Table 1. Obviously the stereochemical
mechanisms to produce different enantiomers are different. Enantioselective formation of
(-)- and (+ )-secoisolariciresinols (-)-7 and (+)-7 has been demonstrated with Forsythia
Spp.l,5-7,9) and Arctium lappa60 ) enzymes, respectively (Fig. 2A and B).
Second is regarding the difference in the metabolic steps to produce optically pure
lignans. Studies with Forsythia enzyme preparations established the enzymatic conversion
from coniferyl alcohol 18 to Forsythia lignans l- 12) as shown in Fig. 2A. The initial coupling
of two coniferyl alcohol molecules are highly enantioselective and almost optically pure ( + )-
pinoresinol (+)-1 was formed 10,12). On the other hand, in Wikstroemia sikokiana the initial
coupling is not enough enantioselective to produce optically pure lignans49,50,84). Feeding
experiments with Wikstroemia sikokiana strongly suggested the conversion from coniferyl
alcohol 18 to matairesinol 9 via secoisolariciresinol 7 (Fig. 3) in the plant, which is a similar
metabolic sequence to that in Forsythia spp. (Fig. 2A). Since (-)-pinoresinol (-)-1, (-)-
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Fig. 3 A possible biosynthetic pathway of Wikstroemia sikokiana lignans.
lariciresinol (- )-5 and (-) -secoisolariciresinol (- )-7 isolated from W. sikokiana are not
optically pure and not racemic, not only the initial formation of pinoresinol 1 (or the
corresponding quinone methides, e.g. 19) from coniferyl alcohol 18 but also the post-
coupling processes are probably involved in selective formation of one of the enantiomers.
In addition, it is strongly suggested that the oxidation of secoisolariciresinol 7 to
matairesinol 9 is the key metabolic step to produce the optically pure lignans in this plant.
This is in sharp contrast to the lignan biosynthesis in Forsythia plants lO,12) (Fig. 2).
Similarly it is strongly suggested that the formation of the dibenzylbutyrolactone lignan
is the key metabolic step to produce the optically pure lignans in Arctium lappa, since (-)-
matairesinol (-)-9 and (+ )-secoisolariciresinol (+)-7 isolated from this plant are optically
pure and not optically pure with 81 % e.e., respectivelyI8,60,61). Selective conversion of
( - )-secoisolariciresinol (- )-7 to ( - )-matairesinol (- )-9 resulting in accumulation of (+)-
secoisolariciresinol (+)-7 can explain at least partly the enantiomeric composition of
secoisolariciresinol 7 III the plant, while enantioselective formation of (+)-
secoisolariciresinol (+)-7 (20% e.e.) from achiral coniferyl alcohol 18 which was
demonstrated with cell-free extracts of the plant60) can also account for the composition in
favor of (+ )-enantiomer (+)-7.
Thus, different stereochemical mechanisms are operating to give rise to the different
enantiomers in the plants of the five genera, Forsythia, Arctium, Phyllanthus, Wikstroemia, and
Zanthoxylum, and metabolic steps to produce the optically pure lignans are probably different
in the plants. As for the other plants, no data have been obtained for stereochemical
mechanisms of lignan biosynthesis, and even precise enantiomeric compositions are not
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reported except for Chamaecyparis80 ) , Thuja81 ), and Larix75 ) lignans. However, smce the
stereochemical mechanisms in the five genera are different each other, there may be a great
diversity in stereochemic~l mechanisms of lignan biosynthesis in various plant species.
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